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Abstract
The speedbump mutant has been identified as an early arrest mutant, becoming apparent as soon
as 80% epiboly (8.5 hours of development). This mutant has a mutation in wee1, which is a
protein regulating entry into mitosis ensuring the completion of DNA replication before mitosis.
The lack of this protein in speedbump allows for early entry into mitosis resulting in damage to
the chromosome. Here, we investigate two questions: if mitosis in the speedbump mutant
phenotype is more frequent than wild-type phenotype, and, if so, is there a phase in which the
mutant phenotype favors. We used phosphorylated histone H3 antibody staining to visualize an
increase of mitotic figures in the mutant embryo compared to their wild-type siblings at both
80% epiboly (8.5 hours of development) and 2 somites (10.5 hours of development) meaning
there is more mitosis in speedbump and mitosis may also be longer. Lastly, we found no
indication of speedbump favoring a phase when compared to wild-type.
keywords: speedbump, wee1, mitotic index
Introduction
The mitotic index is used to measure cellular proliferation through the proportion of the
population in M-phase (Walker, 1954). Thus, this proportion indicates the proportion of cells in
one of the four mitotic stages. The mitotic index allows for the indirect rate of mitotic stages and
for the timing of interphase, assuming mitosis occurs at random intervals (Walker, 1954).
Wee1 is a protein kinase that catalyzes the inhibitory tyrosine phosphorylation of cell
division cycle 2 (cdc2)/Cyclin B kinase to negatively regulate entry into mitosis (McGowan &
Russell, 1995). Wee1 is predominantly a nuclear protein that is active during interphase and
inactive during G2/M checkpoint (Perry & Kornbluth, 2007). In contrast, cdc25 regulates entry
into mitosis via the activation of cdc2/Cyclin B and has increased activity when
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hyperphosphorylated (Gabrielli et al, 1997). Cdc25 controls the entry into mitosis by
dephosphorylating Tyr15 and Thr14 activating both cdk1 and cdk2 (Karlsson-Rosenthal &
Millar, 2006). Thus, the progress and timing of mitosis is regulated by the activity of these
critical two proteins, as the cells do not want to divide before their entire DNA is fully replicated.
This divide is what wee1 prevents, effectively allowing to cells to undergo mitosis when it is
prepared, preventing possible damage further down the line.
The hindbrain is divided into rhombomeres that are seven repetitive structures, which
appear during the early stages of development (tailbud, 10 hrs) (Oxtoby & Jowett, 1993). Krox20
encodes a protein that binds to a specific DNA sequence, as a transcription factor (Oxtoby &
Jowett, 1993). Krox20 mediates the formation and specification of two rhombomeres, r3 and r5
(Labalette et al., 2011). In this experiment we used the krox20 bands were used to define a space
in the hindbrain of the embryos, which appear at 2 somites (10.5 hours).
The speedbump (spb) phenotype was identified in the Tübingen zebrafish screen as an
early arrest mutant. The phenotype can first be observed at 80% epiboly (8.5 hrs), as a darkening
of the embryo. This is apparently caused by a mitotic phenotype where cells in spb mutant
embryos would remain attached via DNA positive strands after division (Kane et al., 1996). This
attachment potential demonstrates a possible early entry into the mitosis caused by incomplete
replication of the chromosomes. This possible early entry into mitosis would likely cause the
apoptosis in the sbp mutant that becomes visibly apparent around 5 somites (11.6 hrs) (O.
Sidorova unpublished). There would also be a development of darken regions near the neural
crest that would rapidly spread throughout the embryo (Kane et al., 1996). Through mapping and
sequencing of the mutant, we found that spb was a wee1 mutation (D. A. Kane & R. M. Warga
unpublished). Further work mimicked the mutant phenotype by wee1 knockdown (M. E. Lane

2

unpublished). Thus, it seems that spb is indeed a mutation in wee1. A mutation of the gene
transcribing wee1, demonstrated in yeast, allows for the early entry into mitosis, as there is no
activity to prevent mitosis promoting factors become to active due to cdc25 activation by Tyr15
phosphatase (Bartholomew et al, 2001). Furthermore, there is a lack of inactivation of the mitosis
promoting factor by wee1 through Tyr15 kinase (Bartholomew et al, 2001). Being that spb is a
wee1 mutation, this early entry into mitosis is likely to occur in spb, as it is assumed that this
mutation would act similar in zebrafish as it does in yeast. This assumption is due to the current
lack of biochemical knowledge of wee1 in zebrafish. It is expected that the sbp mutant is able to
pass through the M checkpoint and enter into mitosis early, which eventually causes apoptosis in
the later stages (O. Sidorova unpublished).
Materials & Methods
1) Mutant strain
All of the experiments were performed in embryos resulting from crosses of identified
spbti279 heterozygotes. This phenotype is only visible in homozygous recessive individuals and
segregate into a 1:3 proportional normally seen in Mendelian recessive traits. Thus, being there
are no apparent heterozygous phenotype in this mutant, throughout the paper when referring to
wild-type siblings, we are always referring to the phenotype of the organism and not their
genotype, which maybe homozygous for the wild-type allele or heterozygous for the mutant
allele.
2) Sorting and fixing
The embryos were sorted at the 2-cell stage (0.5 hr) and 4-cell stage (1 hr) and
maintained in E3 at 28±2°C until the desired stage. The embryos were then fixed in fresh 4%
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paraformaldehyde overnight at 4°C. The embryos were then washed and manually dechorionated
in PBST.
3) In situ hybridization and antibody staining
The whole mount RNA in situ hybridization was performed using digoxigenin-labeled
riboprobes following the protocol stated in Thisse and Thisse (2008). The whole mount antibody
staining was performed using anti-Phospho-Histone H3 (PH3) antibody (Santa Cruz
Biotechnology, Inc., 1:1000). This primary staining was visualized by the use either alkaline
phosphatase-conjugated (AP) or peroxidase-conjugated secondary antibody (Santa Cruz
Biotechnology, Inc., 1:1000).
4) Identification and quantification
The embryos were sorted by the amount of PH3 stained cells, as spb has more staining
compared to their wild-type siblings, in a 1:3 portion, beginning at 80% epiboly. At all stages the
quantification took place on a monitor displaying an image from a microscope at a magnification
of 200x. For 80% epiboly, cells were counted based on shape in an area of 10 cm by 15 cm from
three views and averaged. For 2 somites (10.5 hrs), cells were counted based on shape in
between krox20 bands (r3 and r5). Analysis of the data occurred via mitotic index.
Results
1) Is mitosis in the speedbump mutant longer?
The spb mutants tend to have more prevalent PH3 staining on the embryos (Fig 1A and
B). Therefore, in order to quantitate the number of cells in mitosis, I counted the cells that were
in prophase, metaphase and anaphase in between the krox20 stripes at 2 somites (Fig 1C). The
total number of cells in mitosis at 80% epiboly, provides significant evidence (p-value =
0.00001) that there is in fact more cells undergoing mitosis at this stage overall with an average
and standard error of 15.58±0.54 cells and 31.67±0.98 cells undergoing mitosis in wild-type and
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spb respectively (Fig. 2). The mitotic index of the total number of cells in mitosis at 2 somites,
demonstrates that there is a significant difference (p-value = 0.011) between the spb mutant and
their wild-type siblings with an average and standard error of 23.23±0.75 cells and 30.86±2.03
cells undergoing mitosis in wild-type and spb respectively as demonstrated in Fig. 3. The mitotic
index demonstrates that there are more cells undergoing mitosis and this increase in mitosis also
demonstrates that there are more mitotic cells in the spb mutant compared to the wild-type,
however there is no indication that mitosis is actually longer in spb.
2) Does the speedbump mutant favor a mitotic stage?
Although there is evidence demonstrating more cells are in mitosis in spb mutants
compared to their wild-type siblings, found no evidence that the spb mutants favor one stage of
mitosis over another, such as metaphase or prophase, except very early in development (80%
epiboly). I found this by using the counted mitotic figures, calculating the proportion of cells in
prophase, metaphase, and anaphase, and graphing the proportions. This suggests that perhaps the
length of mitosis in general may be longer, rather than cells getting stuck in a particular stage of
mitosis. According to the mitotic index by 80% epiboly, there is no evidence of significant
difference between spb mutants and wild-types in the proportion of cells in prophase and
metaphase (Fig. 4A, B). At this stage the proportion of cells in prophase is 0.81±0.008 for wildtype and 0.83±0.013 for spb, and the portion of cells in metaphase is 0.152±0.078 for wild-type
and 0.158±0.011 for spb. However, there is a significant difference in the proportion of cells in
anaphase (p-value = 0.0014) as fewer cells in the spb mutants stained with anti-PH3 tended to be
in anaphase with the proportion of cells in wild-type embryos is 0.038±0.007 and the proportion
of cells in spb embryos is 0.007±0.003 demonstrated in Fig. 4C. However my data at 2 somites,
indicates there is no evidence of significant difference between spb and wild-type in the
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proportion of cells in prophase, metaphase, and anaphase. The proportion of cells in prophase is
0.77±0.012 for wild-type and 0.80±0.011 for spb (Fig. 5A), while the proportion of cells in
metaphase is 0.21±0.013 for wild-type and 0.19±0.012 for spb (Fig. 5B). The proportion of cells
in anaphase is 0.021±0.004 for wild-type and 0.014±0.007 for spb as demonstrated in Fig. 5C.
To further determine if cells in the spb mutant prefer one stage of mitosis over another,
mutants as determined and sorted by the increased amount of PH3 staining, were graphed sorted
and unsorted. The result of this demonstrated a random placement of mutants within their wildtype siblings (Fig. 6-9). This random placement occurred at both 80% epiboly and 2 somites.
Further illustrating that spb mutants do not tend to favor one stage of mitosis over another and
that the amount of time a cell spends in any one phase is equivalent between the spb mutant and
their wild-type siblings.
Discussion
According to this analysis of the mitotic index, results of the experiments demonstrate
that the spb mutant embryo has more cells in mitosis compared to their wild-type siblings, as
indicated by the significant difference in the number of mitotic figures seen in spb. The spb
mutant may enter mitosis early, due to the lack of wee1. The phenotype of spb is depicted as two
cells that have undergone cellular division but having fragments of DNA attached in between the
two cells (O. Sidorova unpublished). Thus, it is speculated that spb has a longer mitosis.
However there is no apparent phase in which the mutant tends to favor, meaning that the increase
in mitosis for the spb mutant is not directly explained by the results. Thus, further
experimentation needs to be carried out in order to provide an explanation of why the cells in the
spb mutant appears to have more mitotic cells compared to their wild-type siblings.
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Faults in research
Due to the nature of the spb mutant i.e. cells begin to die massively all over the embryo,
krox20 stripes in later stages failed to form as the spb mutant lacks enough neural tissue to
properly form krox20 stripes in later stages (5 somites and later). Furthermore, krox20 stripes are
not present in earlier stages, and both stripes only appear in normal embryos at 2 somites. This
caused major limitations when attempting to create a designated space for mitotic cell counts,
only working at the 2 somites stage in the spb mutant.
When analyzing the significant difference in anaphase at 80% epiboly between the spb
mutant and their wild-type siblings, the proportion of cells in anaphase is higher in wild-types
compared to spb. Anaphase is a quick portion of the cell cycle, meaning cells do not spend much
time in this phase. Therefore, it would be hypothesized that it would be likelier for spb to have
more cells in this phase. However, the data did not support this idea. One possible explanation
for this discrepancy may be the faintness of the anti-PH3 staining. Since this phase is very quick
the mitotic in anaphase in the spb mutant may have been too faint to visualize under the
microscope make there be this significant difference.
The results failed to produce evidence as to why there is more mitosis in spb mutants.
Before analyzing the results, it would be expected to find a phase in which the spb mutant tend to
be stuck in to explain the differences in the number of mitotic cells because if the cell arrests
they might have been in a particular phase of mitosis. Furthermore, if the cells were to cycle
through mitosis faster or slower, then there is a possibility of an increase in mitosis, without a
favoring of a particular stage. Being that spb is a cell cycle mutant with a mutation in wee1, the
possible early entrance into mitosis due to this mutation might causes a build up of mitotic
figures, as it bypasses the M checkpoint (Perry & Kornbluth, 2007). The early entrance into

7

mitosis causes damage further along in development, as the cells within the embryo are not
capable of properly going through interphase and produce the necessary proteins and organelles
or completely replicating the DNA. Furthermore, this premature entry into mitosis might be
causing cells to become apoptotic potential immediately after the division, which is visualized
later on in development (starting at 80% epiboly). However, there was no significant difference
between the proportion of cells in prophase, metaphase, or anaphase to explain why there is a
different in the length of mitosis. Demonstrating spb does not appear to favor one stage of
mitosis over another.
Suggestion for further research
To further test mitotic differences in the spb mutant, one suggestion is to perform an
experiment utilizing Cytox green staining in live embryos to visual mitosis in real time. This
experiment will allow physical timing of mitosis in both the spb mutant and in wild-type to see if
there is truly a difference in the amount of time both embryos are in mitosis. Verification through
this experiment may provide evidence to support that mitosis is longer in the spb mutant
phenotype compared to the wild-type phenotype. Furthermore, if I got an interesting result I
would cross the spb mutant into the dual FUCCI cell cycle reporter transgenic fish in the lab and
watch the cell length of G1, S, G2 and M.
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Figure 3:
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Figure 4A:
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Fig 4A. Proportion of cells in prophase. p-value of 0.1425.
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Figure 4B:
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Fig 4B. Proportion of cells in metaphase. p-value of 0.681.
Figure 4C:
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Figure 5A:
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Fig 5A. Proportion of cells in prophase at 2 somite. p-value of 0.1735.
Figure 5B:
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Fig 5B. Proportion of cells in metaphase at 2 somites. p-value of 0.3065.
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Figure 5C:
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Fig 5C. Proportion of cells in anaphase at 2 somites. p-value of 0.4212.
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Figure 7:

PH3 Staining 2 Somites, Unsorted
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Figure 8:

PH3 Staining at 80% Epiboly, Sorted
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

prophase
metaphase
anaphase

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17

Embryo Number

16

Figure 9:

PH3 Staining at 2 Somites, Sorted
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